Objectives: To investigate the effects on muscle performance after one-year cessation of 18-month low-magnitude high-frequency vibration (LMHFV) intervention in the untrained community elderly. Methods: This is a case-control study with 59 community elderly women (25 control without any treatment; 34 received 18-month LMHFV but discontinued for 1 year from our previous clinical study). Muscle strength, balancing ability, occurrence of fall/fracture, quality of life (QoL) were assessed 1-year after cessation of intervention. The 30-month results were compared with baseline and 18-month treatment endpoint data between groups. Results: At 30 months (i.e. one year post-intervention), the muscle strengths of dominant and non-dominant legs relative to baseline in treatment group were significantly better than those of control. In balancing ability test, reaction time, movement velocity and maximum excursion of treatment group (relative to baseline) remained significantly better than the control group. The muscle strength, balancing ability and quality of life at 30 months relative to 18 months did not show significant differences between the two groups. Conclusion: The benefits of LMHFV for balancing ability, muscle strength and risk of falling in elderly were retained 1 year after cessation of LMHFV.
Introduction
Fragility fracture is one of the most prominent medico-social problems among the elderly in the community. Most fractures result from a combination of poor balance, falls, and deteriorating bone strength. Exercise training is effective in reducing risk of falling, improving balance and increasing lower extremity strength in elderly 1, 2 ; however, this is only beneficial to those with good compliance to exercise programs. The effects on muscle performance often disappear shortly after the cessation of the exercise training, therefore sustained adherence to falls prevention exercise programs is necessary to reduce fall risks 2 . An ideal fall prevention program should include interventions which sustainably reduce risk of falling.
In our previous study 3 , low-magnitude high-frequency vibration (LMHFV) was proven to reduce fall incidences throughout 18-month intervention, together with improvement in balancing ability and muscle strength. Vibration treatment has also been demonstrated to have positive effects on muscle strength 4 , postural control 5, 6 , balancing ability 7, 8 , new bone formation 6, 9, 10 , and circulation 11 . LMHFV was proven effective and well adopted by previously untrained elderly 3, 9 , thus suitable to implement in elderly training programs. However, there were only limited reports on the retention effects of whole-body vibration. Previous studies focused on retention effects of short-term vibration treatment (8 weeks) 12 or vibration combined with exercise 13 , but not long-term LMHFV treatment. Resistance training exercise is well proven in improving the muscle strength and physical functions, therefore it is the most common intervention in fall prevention among elderly. Some studies had also demonstrated that the beneficial effects of resistance training were sustainable after detraining 14, 15 , which is comparable to whole-body vibration treatment. Based on the re-sults of previous study, long-term LMHFV is of great potential to produce sustainable effects on muscle among elderly. So there is a need to further investigate the sustained effects of long-term whole body vibration treatment on muscle performance and bone quality among postmenopausal women.
In this study, we hypothesized that 18-month LMHFV treatment could provide significant positive effect on muscle enhancement in 1 year after cessation of intervention. The results may provide new insight in designing fall prevention program with long-lasting impact.
Materials and methods

Experimental design and subjects
This is a case-control study to investigate the effect of LM-HFV on muscle performance after one-year cessation of intervention. This study used muscle strength as primary outcome and power calculation indicated that n=56 could detect a significant difference between groups (please refer to following statistical part for details). Ninety-eight community elderly women, who were eligible (i.e. one year right after 18-month intervention from our previous randomized controlled trial 3 [ClinicalTrials. gov number: NCT00973167]), were approached and invited for follow-up, while 59 (60%) were willing to come back for assessments. They included 34 vibration group subjects and 25 control subjects, where vibration group had received LMHFV (35 Hz, 0.3 g where g=gravitational acceleration) for 20 min/day, 5 days/ week for 18 months, while control group remained in sedentary lifestyle. Neither the control, nor the vibration group did not receive any further treatment for the last 12 months of the study (i.e. 18-30 months). They were all healthy females aged 60 years or above, independent and active in the community. All subjects were assessed at baseline, post-intervention (18-month) and follow-up (30-month) at Prince of Wales Hospital. We excluded anyone: (1) who was taking any medications/ had medical conditions affecting the musculoskeletal system, e.g. bisphosphonates, (2) who participated in supervised regular exercise for twice a week or more, (3) with pace-maker in situ, (4) with malignancy, or (5) with a history of smoking or excessive alcohol use (more than 7 drinks per week) 16 . 
Interventions
Elderly enrolled in the vibration group, in addition to usual activities, received 18-month LMHFV treatment one year ago by standing upright without knee bending on a vibration platform providing vertical synchronous vibration at 35 Hz, 0.3 g (peakto-peak magnitude), amplitude of 0.06 mm, 20 minutes/day, 5 days/week, where the LMHFV configuration were based on our positive findings on muscle strength in our previous clinical study 3 . Control group subjects remained in their habitual life style and participated in the normal interest group activities (e.g. card games, drama) organized by the community centers regulated by the Social Welfare Department of Hong Kong SAR Government.
Outcome measures
Fifty-nine subjects who were willing to follow-up came to Prince of Wales Hospital, The Chinese University of Hong Kong to do the following assessments. Outcome assessors and the statistician were blinded to group allocation, and participants were reminded not to tell the assessors of their original group allocation. Subjects' medical records in the city-wide Clinical Management System (CMS) were reviewed for study eligibility and record of health conditions. Also, self-reported health conditions, physical activities level, dietary habit, and intake of supplements/ over-the-counter drugs were interviewed and recorded.
Knee extensor strength
Quadriceps muscle strength was measured by instructing the subjects to perform an active extension of knee joint in a sitting position with both feet free from ground, and the hip and knee joint flexed at 90°. The peak isometric force of the knee extension was measured by a dynamometer (FallScreen © , Neuroscience Research Australia (NeuRA), Australia) attached at the malleoli level with a strap. Measurements were repeated thrice in each lower limb and the maximum force was used for analysis 17 . Leg dominance was determined by asking the subject which leg she would use to kick a ball placed in front of her 18 . The short-term coefficient of variation % is 3.39% 3 .
Balancing ability
Balancing ability was assessed with the limits of stability test using the Basic Balance Master System (NeuroCom International Inc, OR, USA). Subjects were instructed to stand barefoot on the force plate and control the location of their center-of-gravity (COG) cursor by swaying and weight-shifting of her body to eight different target directions without falling or moving their feet 7 . The measured parameters of limits of stability test included reaction time (second), directional control (%), movement velocity (degrees per second), endpoint excursion (%), and maximum excursion (%). The short-term coefficient of variation % is 3.92%.
Bone mineral density
Areal bone mineral density (BMD, g/cm 2 ) was measured at the hip of the non-dominant leg and lumbar spine (L1 to L4) by dual energy X-ray absorptiometry (DXA)(Delphi W, Hologic, Waltham, MA, USA). For consistency, one certified bone densitometry technologist performed all positioning and measurements. Calibration of DXA machine was done using bone phantom every day, which gave a precision error of 1.31% for total hip and 0.72% for spine 19 .
Quality of life questionnaire
The health-related quality of life was assessed with the validated Chinese version of the 36-Item Short-Form Health Survey (SF-36) 20 . The physical component summary, mental component summary and total score of the SF-36 were analyzed. All scores range from 0 to 100 with higher scores indicating better quality of life.
Adverse events
An information sheet with our contacts and trial details was provided to every subject since our previous randomized controlled trial. All subjects were instructed to contact us and report any health problems or suspected adverse events to us. All complaints or complications from the subjects with regards to the LMHFV were documented. Also, during follow-up assessments, clinician recorded the health status of subjects (e.g. deterioration of pre-existing medical problems, newly diagnosed problems).
Power calculation and statistical analysis
This is a case-control study with muscle strength as primary outcome. From the results of our previous study 3 , muscle strength difference of 2.06±2.75 kg was observed between groups after 9-month intervention. With muscle strength for sample size estimation, a total sample size of 56 had a power of 0.8 to detect a significant difference between groups using a two-sided two samples t-test with significance level of 0.05.
All results were expressed in mean ± standard deviation. The statistical analysis was performed using SPSS 20 (IBM, NY, USA). Shapiro-Wilk test was performed to test for the normality of data. For the primary outcome, one-way (examining the between-group differences in over-time changes of muscle strength of the dominant and non-dominant side) and two-way (examining the interaction effect among the effects of time, side (dominant vs. non-dominant), and group (vibration group vs. control group)) repeated measures ANOVA were further performed for analysis. Independent sample t-test (for between-group comparison) and paired t-test (for within-group comparison) were performed to compare the other outcome measurements between intervention and control groups. Bonferroni adjustment was adopted for multiple post-hoc comparisons. Significance level was set at p≤0.05 (2-tailed).
Results
The baseline characteristics of 59 subjects were summarized in Table 1 . All the follow-up assessments were scheduled 1 year after completion of 18-month intervention.
Knee extensor strength
Analyzed by one-way repeated measures ANOVA (Figure 1 &  Table 3 ), there was significant between-group difference in both dominant and non-dominant legs (p<0.0005 and <0.0001 respectively). Vibration group showed significant within-group increase of muscle strength at 1-year post-intervention than baseline (dominant leg: p=0.003; non-dominant: p<0.0005) but not in control group (dominant leg: p=0.507; non-dominant: p=0.872).
Analyzed by two-way repeated measures ANOVA, there was significant difference in muscle strength between the dominant Table 3 for their significant differences).
and non-dominant sides (p=0.003); however, such differences did not vary between groups (p=0.795 for interaction term side*group). There was no significant interaction between side and time (p=0.183 for interaction term side*time), indicating that over-time changes of muscle strength did not differ significantly between the dominant and non-dominant sides. There was also no significant interaction among side, time, and group (p=0.079 for interaction term side*time*group), indicating that the observed between-group differences in over-time changes of muscle strength did not depend on side of the limbs.
Balancing ability
The overall balancing ability of the vibration group remained significantly improved 1 year after cessation of intervention as compared with the control group ( Figure 2 & Table 2 ). At 1 year post-intervention, shorter reaction time (mean betweengroup difference=-0.4 seconds; 95%CI=-0.6 to -0.2; p<0.001), increased movement velocity (mean between-group difference=0.7 degree/sec; 95%CI=0.1-1.3; p=0.024), and increased maximum excursion (mean between-group difference=11.0%; 95%CI=2.2-19.8; p=0.015) relative to baseline was found significant than those of control group. From 18-month intervention end point to 1-year post-intervention, there was no difference between groups in all parameters. 
Quality of life questionnaire
There was no significant difference in all SF-36 components between two groups during 1-year post-intervention (Tables 2  & 4) . Compared with the baseline, there was no inter-group difference one year after cessation of intervention (95%CI=-2.1-11.4, p=0.17). From 18-month intervention end-point to 1-year post-intervention, no difference between vibration and control groups was observed either (p=0.455).
Bone mineral density
For total hip BMD, the mean change in the vibration group was -0.8% compared with -1.15% in control group from baseline to 1-year post-intervention (mean between-group difference=0.4%, 95%CI=-1.1-1.8, p=0.620). From 18-month intervention end-point to 1-year post-intervention, a drop of -1.3% and -0.4% total hip BMD were observed in the vibration and control groups respectively (mean between-group difference=-0.9%, 95%CI=-2.3-0.5, p=0.203). Subjects in both vibration and control groups had total hip BMD decreased throughout the study period with no significant difference between groups. The mean change of total spine (L1 to L4) BMD in the vibration group was +1.9% compared with +1.3% in the control group from baseline to 1-year post-intervention (mean between-group difference=0.6%, 95%CI=-1.8-2.9, p=0.632) without significant difference. From 18-month intervention end-point to 1-year post-intervention, there were +1.3% and +0.2% changes in spine BMD in the vibration and control groups respectively without significant difference (mean between-group difference=1.1%, 95%CI=-0.4-2.7, p=0.150) ( Figure 3 & Table 2 ).
Discussion
Fall and fragility fractures are two closely related problems causing significant morbidity and loss of functions among elderly, therefore an intervention that can decrease the risks of fall and fracture in long term is needed. In our previous study 3 , LMHFV was confirmed with its efficacy on reducing fall incidences and fracture risks, enhancing lower limb muscle strength and improving balancing ability. The beneficial effects were observed as early as 9 months after the commencement of LMHFV and sustained throughout the 18-month intervention period, but the retention effects of LMHFV was unknown.
From the results of this study, the beneficial effects on muscle performance remained significant in 1 year after the cessation of LMHFV treatment. In the vibration group, the knee extensor muscle strength of both dominant and non-dominant legs at 1-year post-intervention remained 21-33% significantly better than baseline. The reaction time, movement velocity and maximum point excursion of the vibration group also remained significantly improved from baseline to 1-year post-intervention (p<0.001, 0.024 and 0.015 respectively). When observing the change of muscle performance from the 18-month intervention end-point to 1-year post-intervention, there were no significant differences found between two groups. After cessation of LMHFV treatment, there was no significant loss of functional gains in the vibration group. Significant positive effects of LMHFV on muscle performance were confirmed in previously untrained elderly, with improved muscle strength and balancing ability for at least one year after cessation. However, there were no significant changes in quality of life and BMD in both groups throughout the study.
In this study, vibration group subjects received 18-month LM-HFV for 5 days/week with an average compliance rate of 79% (approximately 4 sessions a week), and retained significant improvement in muscle performance up to 1-year post-intervention. Significant sustained effects of whole-body vibration training were also observed in older adults in previous studies 12, 13 . In Marin et al study 12 , only the group which received 4 days/week of vibration treatment (amplitude: 1.05-2.11 mm; 35-40 Hz) retained significant effect on muscle enhancement after 3 weeks of detraining, but not the group received vibration treatment 2 days/ week. And these results echo with this study, which both studies demonstrated the sustained effects of vibration treatment with 4 sessions per week. So the results may suggest that high compliance of vibration treatment not only improves functional performance during the intervention period, but also induces longer lasting adaptions of muscle. In another study providing 1-year whole-body training of 3 days/week 13 , the muscle power of vibration group remained significantly higher after 1-year detraining. Considering all the results, vibration treatment of at least 3days/ week is recommended to elderly for a longer lasting improvement on lower limb functions. In contrast to previous studies 12, 13 , our study investigated the sole effects of low-magnitude vibration (0.3 g or displacement <0.1 mm), instead of high amplitude vibration (up to 2mm) with static or dynamic leg exercises performed on treatment platform. Therefore, the retention of functional gain induced by low-magnitude vibration in 1-year detraining period was comparable to that of high amplitude vibration (+/-exercise) which requires better balancing ability to manage. Also, this is the first study investigating the detraining effects of long-term whole-body vibration treatment up to 18 months, thus providing new insight in designing long-term fall prevention programs.
In mobility-limited elderly, muscle power failure is related to impairments in neuromuscular activation rate and poor muscle quality 21 . Prolonged LMHFV provides mechanical vibration signals to actively stimulate muscles, and this may enhance the muscle power and balancing ability with lower recruitment thresholds and increased firing rate of motor units 22, 23 . The lower recruitment thresholds are important in producing rapid action (i.e. balancing) and powerful muscle contraction, while the increased firing rate may also allow more synchronous contraction of motor units which increases the overall muscle power 24 . Also, an increase in muscle fiber cross-sectional areas may contribute to the enhanced muscle strength during vibration treatment. In a previous study, relatively little effect was observed in fiber crosssectional areas during detraining period and this may correlate to the sustained increase of maximal dynamic strength from resistance training 25 . Furthermore, vibration treatment was reported to increase evoked neurotransmitter release at neuromuscular synapses, which may translate into performance gains 26 . All these muscular and neural adaptions may explain the strong sustainable effects of LMHFV treatment in elderly, which persist for at least one year in the subjects who had completed 18 months of LMHFV treatment.
Besides fall and fracture prevention, LMHFV can be another form of biophysical stimulation as adjunctive to regular exercise and is specially indicated in the elderly whom may not be able to do regular weight bearing exercise. Previous studies also demonstrated that both whole-body vibration treatment and resistance training could provide significant and comparable benefits on muscle performance in terms of postural control, muscle strength and jumping height 4, 6 . The sustained effects of whole-body vibration treatment and resistance exercise are comparable, which both produce a significant gain of muscle strength although a decreasing trend was noticed during the detraining period [13] [14] [15] . The average rate of decline in lower limb strength is up to 16% per decade in elderly 27 , hence an intervention enhancing lower limb strength is the key to preserve physical functions and prevent falls. However, no significant changes were observed in BMD in both groups throughout this study. In this study, low-magnitude (0.3 g) vibration of 20 mins/day was adopted considering the generalizability in frail elderly and post-fracture patients, which is of great potential for future application in rehabilitation and sarcopenia prevention. However, vibration signal is transmitted to only the lower extremities and axial skeleton in a standing individual; the muscle and bone of upper limbs are not benefited from LMHFV treatment. Also, there is no evidence showing that LMHFV may improve cardiorespiratory fitness like various kinds of exercise (e.g. resistance training) 28 . There were limitations in this study. Only community-active female were included as female gender is a well-proven factor associated to higher risks of fall and fragility fracture; however, the effect of LMHFV on male or institutionalized elderly cannot be confirmed. Also, the change of skeletal muscle mass were not assessed, therefore our results cannot provide information of the effect of LMHFV on muscle mass and the potential association with muscle enhancement.
In conclusion, the positive effect of LMHFV on muscle performance in community elderly can last for one year after the cessation of 18-month intervention. LMHFV not only enhanced subjects' muscle strength and balancing ability during the intervention period, but also brought significant enhanced effects one year after cessation of intervention. Implementing LMHFV of at least 3 sessions a week in training and rehabilitation programs is recommended to bring long-term improvement in muscle functions, especially for elderly who can benefit with lower fall and fracture risks. Fall and fracture prevention program with LMH-FV should last for at least 9 months, and ideally for 18 months or longer to maximize the treatment effect, as well as the sustained effect. For elderly who stopped LMHFV treatment due to various reasons (e.g. acute medical conditions, travel), restarting the treatment within one year is advised for a continuous effect.
